Background: Recent studies confirmed that immunotherapy showed prominent efficacy in non-small cell lung cancer (NSCLC). Cancer stem cells/cancer initiating cells are resistant to anticancer treatment. The purpose of the study was to analyze the correlation of cancer stem cells/cancer initiating cells and tumor-infiltrating immune cells in NSCLC.
Introduction
Lung cancer is the leading cause of death worldwide due to its high incidence and recurrence rates. [1] Cancer stem cells or cancer initiating cells (CSCs/CICs) are recognized as a small subpopulation of cancer cells that are able to self-renew and differentiate to heterogeneous lineages of cancer cells. [2] Lung CSCs/CICs possess properties against anticancer treatment, including chemotherapy [3] , radiotherapy [4] and targeted therapy. [5] Recent studies confirmed that immunotherapy showed prominent efficacy in non-small cell lung cancer (NSCLC), successfully prolonged the survival of responding patients. [6, 7] However, it remains unclear if there is a correlation between cancer stem cell markers and tumor-infiltrating lymphocytes (TILs).
CD133, also known as prominin-1, has been widely used as a CSC/CIC marker in NSCLC. [8] Ivyspring International Publisher Octamer 4 (OCT-4), a member of the POU domain transcription factor family, is normally expressed on pluripotent stem cells. [9] Some characteristics of OCT-4 also seem to serve as a functional switch related to the "stemness" of the CSCs/CICs. [10] A study revealed that OCT-4 played a crucial role in maintaining self-renewal and cancer stem-like properties in CD133+ lung cancer cells. [11] The immune system includes innate compartments and adaptive compartments. [12] Among adaptive departments, most CD8+ T cells are cytotoxic T lymphocytes that recognize particular tumor-specific antigens and possess the ability to destroy cancer cells directly. [13] Human leukocyte antigen (HLA) class I displays tumor antigens to CD8+ T cells. The downregulation or absence of HLA class I expression is considered one of the mechanisms that allow tumor cells to escape from immunosurveillance. [14] Natural killer (NK) cells, with the most important surface marker CD56, are capable of recognizing and killing tumor cells in the absence of prior stimulation. [15] It was reported that human NK cells could selectively recognize and target cancer initiating cells by the presence of CD133 in colon cancer. [16] The purpose of the present study was to evaluate the correlation of cancer stem cell/cancer initiating cells and tumor infiltration lymphocytes by analyzing the expression of CD133, OCT-4 and immune markers in resected NSCLC.
Materials and Methods

Patients
Patients diagnosed with stage I-IIIa NSCLC were included in this study. The tumor characteristics, such as tumor size, invasive depth, lymph node metastasis and differentiation, were confirmed by pathologists. Tumor staging was determined according to the International Association for the Study of Lung Cancer (IASLC). All patients had standard follow-ups. In total, 172 patients were included from Shandong Provincial Hospital affiliated to Shandong University and Shandong Cancer Hospital Affiliated to Shandong University. Tissue collection and analysis methods were conducted in accordance with the Institutional Ethics Committee of Shandong Cancer Hospital Affiliated to Shandong University and Shandong Provincial Hospital Affiliated to Shandong University.
Immunohistochemistry staining
All the markers were assessed in resected NSCLC samples. First, 5-μm-thick slides were deparaffinized and rehydrated. After antigen retrieval, serum was added to the slide to block 
Scoring of the staining
Immunostaining was analyzed under light microscopy at 400× magnification by a pathologist who was blinded to the clinical pathological data of the patients. For CD133, the staining was graded as positive at least with 5% stained cells. [17] While patients , sample with at least 10% stained cells was scored as positive for OCT-4. [18] For CD8 [19] and CD56, the staining was graded as either high expression or low expression at the median value. HLA class I staining was scored as positive when stained cells >80%, scored as moderate when stained cells 20%-80%, scored as negative when stained cells <20%. [15] For PD-L1 staining, the tumors were graded as positive at the level of 1% or 10% stained cells.
Statistical analysis
The chi-squared test was performed to assess the association between stained markers and clinical pathologic features. Pearson's correlation test was used to analyze the correlation between cancer stem cell markers and tumor infiltrating immune cells. Disease-free survival (DFS) was defined as from the date of surgery to the date of relapse or death or last follow-up. Overall survival (OS) was defined from the date of surgery to the date of death or last follow-up. The Kaplan-Meier method was used for the univariate analysis of DFS and OS. The Cox proportional hazards model was used for the multivariate survival analysis. The statistical analysis was performed using the Statistical Product and Service Solutions version 17.0 (SPSS Inc; Chicago, USA). Differences were considered as statistically significant when p<0.05.
Results
Patients' characteristics
Clinical and histopathologic variables of 172 NSCLC patients are presented in Table 1 . Seventy-eight patients were ≥60 years at diagnosis. The majority of patients were male (65%). The tumors comprised 67 poorly differentiated, 72 moderately differentiated and 33 highly differentiated carcinomas. There was a higher frequency of nonsquamous carcinoma (58%) than squamous carcinoma (42%). There were 38 cases with tumor 1 (T1), 112 cases with T2 and 22 cases with T3 stage tumors. There were 106 patients without node metastasis (N0) and 66 patients with node metastasis. 
CD133, OCT-4, CD8, CD56, HLA class I and PD-L1 expression and associations with clinicopathological parameters
Representative examples of low and high staining for CD133, OCT-4, CD8, CD56, HLA class I and PD-L1 are shown in Fig. 1 . The percentage of CD133 stained cells ranges from 0 to 25%, 86 cases were scored as positive;OCT-4 staining was observed in the nucleus and cytoplasm with 2%-65% tumor cells, 97 cases were scored as positive. Infiltration of CD8+ T cells and CD56+ cells was predominantly observed in tumor stroma compared to tumor nests. The median value of CD8 expression (9%) in the tumor was higher than that of CD56 expression (2.5%). For HLA class I, 17 cases were scored as negative; 127 cases were scored as moderate and 28 cases were scored as positive. There were 114 cases and 52 cases scored as positive for PD-L1 at the cutoff of 1% and 10%, respectively.
CD133, OCT-4, and CD56 showed no correlation with age, gender, differentiation, histology (squamous or not), tumor stage or nodal stage. No significant correlation was observed between CD8+ T cells with clinicopathological parameters, except high numbers of CD8+ T cells were significantly correlated with squamous carcinoma histology (p=0.008). HLA class I showed correlation with smoking history (p=0.002). PD-L1 expression was correlated with high tumor stage (p=0.043).
Correlation between cancer stem cell markers and immune cells
Pearson's correlation test was used to analyze the correlation between cancer stem cell markers and immune cell markers ( Table 2) . CD133 staining showed a positive correlation with OCT-4 expression (r=0.175, p=0.022). No correlation was observed between CD133 expression and CD8+ TILs (r=0.011, p=0.885) (Fig. 2a) , while CD56 expression was negatively associated with CD133 expression (r=-0.361, p<0.001) (Fig. 2b) . There was no correlation between OCT-4 expression and CD8+ TILs (r=-0.142, p=0.063) (Fig. 2c) . OCT-4 expression showed a weakly negative correlation with CD56+ immune cells (r=-0.180, p=0.018) (Fig. 2d) . The results demonstrated that increased NK cells were associated with less CSCs/CICs. HLA class I expression showed a strong positive correlation with CD8+ T-cell infiltration (r=0.573, p<0.001). No correlation was observed between HLA class I expression and CD133 or OCT-4. 
Survival analysis
At the time of analysis, the median duration of follow-up was 60 months. The results of Kaplan-Meier analysis for 5-year DFS and 5-year OS are listed in Table 3 . Patients with poorly differentiated tumors had shorter survival than those with moderately or highly differentiated tumors, but the difference was not significant. Among the molecular markers assessed, expression of CD133 (Fig. 3a) was not correlated with survival. High expression of OCT 4 was correlated with poor 5-year OS (p=0.047). High CD8+ TILs were significantly associated with favorable 5-year DFS (p<0.001) and 5-year OS (p<0.001) (Fig. 3c) . High HLA class I expression correlated with longer 5-year DFS (p=0.009) and 5-year OS (p=0.010) (Fig. 3e) . Patients with high PD-L1 expression based on the 10% cut-off value showed worse 5-year OS (p=0.033) (Fig. 3f) . However, no correlation was observed between PD-L1 expression and survival when 1% was taken as the cutoff value.
Patients with high CD56 expression showed a tendency of better OS than those with low expression (p=0.084) (Fig. 3d) , but the tendency was not significant. We used a sub-analysis to examine the factors associated with CD56 expression. We found that patients with low CD133 expression and high CD56 expression had a longer OS than those with high CD133 expression and/or low CD56 expression (p=0.013) (Fig. 3g) . However, the combination of CD56 and OCT-4 expression did not predict prognosis (Fig. 3h) .
In multivariate analyses, T stage and N stage were independent predictors for 5-year DFS and 5-year OS (p<0.01). (Table 4) CD8 expression was an independent predictive factor for longer DFS (HR 0.496, 95% CI 0.288-0.854, p=0.011) and OS (HR 0.486, 95% CI 0.267-0.884, p=0.018). 
Discussion
In the current study, we observed heterogeneous expression of CD133, OCT-4, CD8, CD56, HLA class I and PD-L1 in NSCLC regimens. We found that CD56 correlated negatively with CD133 expression (r=-0.361, p<0.001) and OCT-4 expression (r=-0.180, p=0.018). Positive correlations were observed between CD8+ T-cell infiltration and HLA class I expression (p<0.001). However, no correlations were found between OCT-4 and CD8+ TILs or between CD133 and CD8+ TILs. In survival analysis, patients with low CD133 expression and high CD56 expression had a longer OS than other patients (p=0.013). CD8 expression was an independent predictive factor for longer DFS and OS.
In the current study, the expression of CD133 correlated positively with OCT-4 staining. The result was consistent with the previous study, which also showed positive correlation of CD133 and OCT-4. [20] The results suggest an interplay of these two biomarkers in tumor initiation. OCT-4 plays a crucial role in maintaining cancer stem-like properties of CD133+ CSCs/CICs. [9, 12, 21] Preclinical studies demonstrated that forced reduction of OCT-4 expression induced apoptosis of CSCs.
[12] Transfection of the OCT-4 gene promoted CSC properties, including self-renewal ability, tumorigenicity in vivo and resistance to targeted therapy. [21] CD8+ T cells are crucial for cell-mediated antitumor immune responses. [22] In this study, we demonstrated that high numbers of CD8+ T cells correlated significantly with squamous carcinoma histology (p=0.001). In a study by Hiraoka et al., the number of CD8+ TILs within the cancer nest was higher in squamous carcinoma than in other histologic subtypes, while the number of CD8+ TILs within the stroma showed no difference. [14] In Under the appropriate antigen stimulation, CD8+ T cells undergo proliferation and differentiation into cytotoxic T lymphocytes (CTLs). [25] It was reported that CSCs⁄CICs expressed several tumor-associated antigens which could be recognized by CTLs. [25] However, our findings demonstrated no correlation between CD8+ TILs and CD133 or OCT-4 expression. Possible explanations may be that CSCs/CICs cannot initiate a cytotoxic immune response without the enhancement of other cells or cytokines, or the immune suppression of CSCs/CICs is predominant over the activation of immune responses. Several reports suggest that CSCs/CICs seem to be able to evolve strategies to escape from T-cell attacks. [26, 27] Our data showed a strong positive correlation between HLA class I and CD8+ T cells. This result was consistent with that in previous studies. [15, 28] A significantly lower number of cancer nest CD8+ T cells was observed in areas with negative expression of HLA class I than in areas with strongly positive expression of HLA class I in early stage NSCLC, [15] and much more CD8+ T cell-infiltration was observed in HLA class I-positive tumors compared to HLA class I-negative tumors. [28] Previous reports have indicated that NK cells are capable of exhibiting their cytotoxic functions toward CSCs/CICs. [29, 30] In osteosarcoma, the cytotoxicity of activated and expanded NK cells could target and eliminate tumor-initiating cells. [29] In oral squamous cancer, increased NK cell function was observed when cells were co-cultured with primary CSCs/CICs compared to more differentiated tumor cells. [30] Data from a colon cancer study demonstrated that freshly purified allogeneic NK cells can recognize and kill CICs, whereas the non-CIC counterpart of the tumor is less susceptible to NK cells. [31] Our data firstly demonstrated that the number of CD56+ cells is negatively related with CD133+ CSCs/CICs, suggesting that more NK cells results in less CD133+ cells in NSCLC. This is suggestive of the potency of NK cells as a possible key player in immunotherapy by targeting CSCs/CICs in NSCLC.
Our data demonstrated that patients with high HLA class I expression achieved better 5-year DFS and 5-year OS. The reason for improved outcome with high HLA class I expression is thought to be due to less tumor cells escaping from the immune surveillance. [32] In a previous study, patients with low expression of HLA class I also displayed worse prognosis in stage I NSCLC. [15] In this study, high PD-L1 expression was correlated with high tumor stage and worse prognosis at the cut-off of 10%. The prognostic value of PD-L1 expression remains controversial in NSCLC. Two meta-analyses showed opposite results regarding the correlation between PD-L1 expression and prognosis in NSCLC. [19, 33] Multivariate analysis showed that CD8+ T-cell infiltration is an independent prognostic factor for long-term DFS and OS. The results suggest that the cytotoxic CD8+ T cells in NSCLC tumor microenvironment play an important role in antitumor progression.
Patients with high CD56 expression showed a tendency of better OS than those with low expression (p=0.084). This result agrees with previous observations demonstrating that the survival time of lung cancer patients was positively related to NK-cell infiltration in lung cancer (p=0.030). [34] However, the data in the current study did not reach statistical significance. When combining with CD133 and CD56 expression levels, we found that patients with low CD133 expression and high CD56 expression had longer survival than those with high CD133 expression and/or low CD56 expression (p=0.013). These results suggest that high CD56 expression inhibit CD133 expression. Hence, the combination of NK cell infiltration and CD133 expression may be more important than CD56 or CD133 expression alone for predicting survival.
In conclusion, this is the first study to evaluate the association between CSC/CICs and tumor-infiltrating immune cells. There is a significant negative correlation between the numbers of NK cells and CD133+ CSCs/CICs. The patients with low CD133 expression and high CD56 expression had longer survival than other patients. The results confirmed the possibility that CD56+ cells may target CD133+ CSCs/CICs in NSCLC. Increasing NK cells infiltration may help overcome the resistance to antitumor therapy caused by CSCs/CICs. However, the current study is a retrospective study. Additional basic and clinical studies are needed before NK cells can be used to treat NSCLC patients by targeting CSCs/CICs.
